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ABSTRACT. We have surveyed four years of archival UBV photometry of 69 chromospherically active
stars obtained with the Phoenix-10 automatic photoelectric telescope in search of optical flares on these
stars. We demonstrate that, while flares can be detected in these data, the number of events observed on
evolved stars remains very small. Flares were found only on UX Arietis, II Pegasi, and AR Piscium.

1. INTRODUCTION

optical flares on evolved RS CVn stars are virtually nonexistent, although a few have been observed on short-period
RS CVn stars with dwarf components (Patkos 1981; Zeilik et
al. 1983) and on the cool component of the K2 V+WD
eclipsing binary V471 Tau (Beavers et al. 1979; Clemens et
al. 1992).
Why do we see such a dearth of flares on the RS CVn
stars in spite of the fact that they are among the most magnetically active of all stars? The high luminosity of the
evolved, active star in RS CVn systems must make flares
more difficult to observe than on dKe and dMe stars, where
the blue light emitted by flares is in sharp contrast to these
red stars. Many RS CVn stars are SB2 binaries so the presence of the second component further dilutes the effect of
any flares. Catalano (1990) has argued, however, that the
lack of flares is not due purely to a contrast effect but may be
intrinsic to these stars. Doyle et al. (1989) suggest a possible
mechanism in which a larger flare loop length on RS CVn
stars and the increased column density of electrons along the
loop would be effective in stopping the high-energy electrons
generated by a flare before they could travel down the loop
and heat the lower atmosphere of the star.
However, Mathioudakis et al. (1992) have suggested that
observable flares on RS CVn binaries may be more frequent
than previously believed. During a total of 57.4 hr of photoelectric monitoring of the early K subgiant SB1 system II
Peg, ten flares were detected in the Johnson U band for an
observed flare rate of 0.17 flares hr-1. The events had amplitudes ranging from a few hundredths to a few tenths of a
magnitude in U and durations of a few minutes to approximately 1.5 hr, corresponding to total energies in U of
1-180X1033 ergs. To ascertain whether such flare rates
might be common on other RS CVn and similar stars, we
have searched our data base containing four years of UBV
photometry of 69 chromospherically active stars acquired
with the Phoenix-10 automatic photoelectric telescope (APT)
on Mt. Hopkins in southern Arizona (Boyd et al. 1990).
While these data have been analyzed previously to study the
presence and evolution of spots (Strassmeier et al. 1989;
Henry et al. 1995), very little attention has been paid to the
U data, which might contain the signatures of flares.

The phenomenon of chromospheric activity can be detected in many different types of stars (Hall 1992). The interaction of deep convection and rapid rotation in these stars
produces a strong magnetic dynamo that results in a wide
variety of effects analogous to solar activity but that can be
larger and more intense by several orders of magnitude. One
of the easiest of these effects to observe, particularly with
small, ground-based telescopes, is the variation in light
caused by the presence of large, dark starspots. The RS
Canum Venaticorum (RS CVn) stars, for instance, have starspots covering a large fraction of their surfaces and so can
display light variations of several tenths of a magnitude (e.g.,
Henry et al. 1995).
By solar analogy, the intense magnetic fields that result in
extreme starspot activity might also give rise to frequent and
intense stellar flares. Many types of stars with convective
envelopes, including young stars, main-sequence stars, as
well as the RS CVn stars, do undergo flaring in the radio,
optical, far-ultraviolet, and X-ray regions of the spectrum
(Pettersen 1989; Haisch et al. 1991; Schmitt 1994). However,
in spite of the fact that many RS CVn and related stars have
been extensively observed photometrically over the past 10
to 15 years, particularly with automatic telescopes (Henry et
al. 1995), very few flares have been observed in the optical
continuum on stars with evolved components. One notable
exception is the flare observed by Holtzman and Nations
(1984) on the rapidly rotating but apparently single star FK
Com (G2 III) in 1983 February. They computed the energy
of the flare to be 5.3 X1036 ergs in U and 6.0X 1036 ergs in B.
Another example is the extremely energetic flare observed in
1989 December by Henry and Hall (1991) on the KO IV
component of V711 Tau, which released an estimated 1038
ergs. These two events are several orders of magnitude more
energetic than the flares commonly observed on dKe and
dMe flare stars (Shakhovskaya 1989) and 6 to 8 orders of
magnitude more powerful than the largest solar, white-light
flares (Haisch et al. 1991). The V711 Tau flare released
roughly 20 times more energy in six hours than the nine-day
X-ray flare observed by Kiirster (1994) on the K4 IV component of CF Tue. Other than these two examples, confirmed
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Table 1
Chromospherically Active Stars Surveyed for Flaring Activity
HR/HD Duplicity Spectral type
Name
Freq
(fir hr1)
(hot/cool)
290
gKl
HR 454 Single
OP And
258
G1III
HR 9024 Single
OU And
G8IV-m
293
HR 8961 SB1
X And
208
SB1
/Kira
HR 215
Ç And
G5V/K0IV
0.034
294
HD 21242 SB2
UX An
Kora
341
BM Cam HR 1623 SB1
Kora
297
HR 1467 SB1
3 Cam
SB1
WD/G5m
238
AYCet
HR 373
{F7V/?}G4V
Mult
183
HR 142
13 Cet
GOIII
363
HR 4883 SB1
31 Com
G9III-II
317
HR 4924 SB1
37 Com
F6V/G0V
336
TZCrB
HR 6063 SB2
K2III
388
UVCrB
HD 136901 SB1
F2IV/K2IV
237
BH CVn HR 5110 SB2
Kira
353
BM CVn HD 116204 SB1
SB1
Kiiv-ra
357
V1762 Cyg HR 7275
F/Kira
149
V1764 Cyg HD 185151 SB2
A2v/K2in-n
316
VI817 Cyg HR 7428 SB2
Kim/Kira
309
HR 4665 SB2
DKDra
WD/K0-2in
179
HD 160538 SB1
DR Dra
G9m
309
o Dra
HR 7125 SB1
G5IV
232
HD 26337 SB1
EIEri
G8IV
275
EKEri
HR 1362 Single
Am/K0IV
91
HD 30050 SB2
RZEri
SB1
467
Kira
0 Gem
HR 2973
{F6-F7/?}KO III 242
HR 2134 Mult
1 Gem
F4V-IV/K0IV
109
ZHer
HD 163930 SB2
{G0V/[M1 V] }G5V 265
V772 Her HD 165590 Mult
SB1
G5V/[M1-2V]
224
V815 Her HD 166181
{F2V/[G0V] }G5IV 109
V819 Her HR 6469 Mult
K3III
241
V826 Her HR 6626 SB1
dKO
96
HD 82558 Single
LQHya
SB2
K0V/K0V
92
LRHya
HD 91816
F5/KIH
361
HD 74874 Mult
e Hya
G2IV/K0IV
163
HR 8448 SB2
AR Lac
FlV/KOin
308
HK Lac
HD 209813 SB1
K2III
SB1
213
V350 Lac HR 8575
A6:V/G5IV-in
650
DQ Leo
HR 4527 SB2
[G-KV]/Kini
100
GX Lib
HD 136905 SB1
F9IV/G5IV
321
AE Lyn
HR 3119 SB2
227
G8V/[dK-dM]
V478 Lyr HD 178450 SB1
258
VI149 Ori HD 37824 SB1
Kim
135
G5IV
VI198 Ori HD 31738 SB2
304
K2ra-n
IM Peg
HR 8703 SB1
133
HD 224085 SB1
K2-3V-IV
II Peg
213
HD 222317 SB2
G5V/K6V
KT Peg
119
HD 218153 SB1
G8H
KUPeg
272
V491 Per HD 25893 Single
G8IV
304
V492 Per HD 28591 SB1
Klin
247
HR 14
SB1
F/Kiin
APPsc
272
HD 8357 SB2
K2V/?
ARPsc
0.037
178
HD 217188 SB1
AZPsc
Kora
247
HR 3
BCPsc
SB1
KOIII
185
GOIII
V3 Psc
HD 6903 SB1
351
G5IV/K1IV
V711 Tau HR 1099 SB2
202
G2V/K5V
V837 Tau HD 22403 SB2
160
TZTri
HR 642
SB2
F5/K0in
432
K2III
EEUMa HR 4430 SB1
527
HR
4374
SB1
G5V
4 UMa
71
HD 200391 SB2
ER Vul
G0V/G5V
241
HD 10588 SB1
HR 503
G8IV-m
215
HR 1023 HD 21018 SB1
G5m
114
HR 1970 HD 38099 SB1
K4III
302
G8IV
HR 6950 HD 170829 SB1
281
HR 7260 HD 178428 SB1
G5V
192
HD 9312 HD 9312 SB1
G5m
150
HD 27691 HD 27691 SB1
GOV
184
HD 108078 HD 108078 SB1
K1III
117
K5III
HD 217183 HD 217183 SB1
2. OBSERVATIONS
The operation of the Phoenix-10 APT has been described
in detail by Boyd et al. (1984), and its performance has been
reviewed by Young et al. (1991) and Henry (1995a). Our
UBV observations with this telescope extend from JD
2,445,620.5 = 1983 October 12-13 to JD 2,447,160.5 = 1987
December 30-31. The 69 chromospherically active stars observed are listed in Table 1. Most are binaries included in the
second edition of the Catalog of Chromospherically Active
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Binary Systems (CCABS) (Strassmeier et al. 1993); a few are
rapidly rotating single stars. Most spectral types listed in
Table 1 are from the CCABS. Each clear night, the telescope
control program selected the order of “groups” of stars to be
observed based on a simple “first-to-set-in-the-west” rule
(Henry 1995b). Each group observation consisted of eleven
moves between a check star (K), sky position (S), comparison star (C), and the variable star (V) in the following fixed
sequence: K,S,C,V,C,V,C,V,C,S,K. Each star within the sequence was observed in turn through each of the U,B,V
filters for 10 s; a complete group required approximately 6
min to complete and was generally observed only once per
night. The observations were reduced differentially with
mean extinction and transformation coefficients determined
on occasional nights dedicated to standard star observations.
Group means in Í7, B, and V of the three variable minus
comparison measures in each group and the two check minus
comparison measures were formed and treated subsequently
as single observations.
The internal precision of the observations can be estimated from the standard error of the group means (SEMs),
calculated from the standard deviation of the three differential measures used to form each mean. Young et al. (1991)
documented the internal precision of the Phoenix-10 to be
±0.009, ±0.005, and ±0.005 for £/, Æ, and V, respectively.
Since the APT takes data anytime it can find stars, the SEMs
are needed to cull observations taken in nonphotometric conditions. If the SEM in V for the variable star exceeds 0.02
mag, or if the group observation was for any reason incomplete, the entire group observation was discarded. A total of
17,207 good group observations survived this cloud-filtering
process over the 4.2-yr span of our observations. Table 1
gives the number of good group observations Aobs obtained
for each of the 69 program stars.
3. FLARE SEARCH PROCEDURE
Since a flare would be expected to contribute more light
in the U than in the longer wavelengths, we first formed a
differential U-V color index for each complete group observation surviving our previous 0.02 mag cloud filter and plotted A (U-V) versus Julian Date for each of the 69 chromospherically active stars. A sample plot for II Peg covering
two observing seasons is shown in Fig. 1. The standard deviation of the nightly A( U- V) ’s from the seasonal mean was
generally around 0.02 mag for most stars. Observations lying
above the mean (bluer) by significantly more than three standard deviations were flagged as potential flares. Figure 1,
therefore, reveals three possible flares on II Peg. Next, light
curves in all three colors were plotted for any star exhibiting
evidence of flare events. Figure 2, for example, is the light
curve in U for the second season of II Peg plotted modulo its
6.d12 orbital period and shows the two flare possibilities
from that observing season. The large scatter seen around
phase 0.3 is due to rapid changes in the starspots visible at
that phase. If the amplitude of a possible flare was largest in
the U, smaller in the B, and smallest or even essentially zero
in the V, the event was retained on our list of flare candidates. Finally, check-star data and sky readings were examined to be sure they agreed with data from other nights
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Table 2
Amplitudes of Observed Flares

>i
D
••• . ..
tf': : ■

• • v.. i
•^ .v.
. • • * *#

UX Ari
n Peg
II Peg
n Peg
AR Psc

2445995.9885
2446009.7555
2446324.8436
2446332.8853
2446025.7471

U Amp
(mag)
0.07
0.22
0.24
0.17
0.18

B Amp
(mag)
0.02
0.05
0.06
0.03
0.08

V Amp
(mag)
0.01:
0.02
0.03
0.01:
0.02:

4.1 UX Ari
5900

6000

6100
6200
6300
Julian Date (2,440,000 +)

6400

Fig. 1—À(U-V) vs. Julian Date for II Peg for two observing seasons. The
circled points indicate three flares observed with the Phoenix-10 automatic
photoelectric telescope.
within the given observing season. Only when an observation survived all of these levels of scrutiny did we consider
the flare to be real.

4. RESULTS ON INDIVIDUAL STARS WITH
FLARES
Of the 17,207 good group observations, only twelve possible flares were identified on the basis of the A (U-V) versus
Julian Date plots. Further examination of the UBV amplitudes, check-star observations, and sky counts of these
events, as discussed above, eliminated all but five events:
three on II Peg and one each on UX Ari and AR Psc. Table 1
includes the number of flares Vflare and flare frequencies of
these three stars computed from the 6 min duration of each
group observation and the number of flares detected. The
amplitudes of these flares (all determined from only one observation) in each color are given in Table 2 and must be
considered to be minimum amplitudes. We do not attempt to
compute the energy released from these flares because of
complete ignorance of the flare durations. The basic properties of the stars discussed below come mainly from the
CCABS.

0.4
0.6
Orbital Phase
Fig. 2—A U vs. orbital phase calculated from the ephemeris
JDconj=2,443,030.239+6.724183E (Henry et al. 1995) for II Peg in the second observing season. Circled points indicate that two flares occurred at and
just after maximum light.

UX Ari is an SB 2 system with G5 V and KO IV components in a 6.4-day orbit; the K subgiant is the more active of
the two stars. UX Ari belongs to a small subset of RS CVn
stars, including II Peg and V711 Tau, in which Ha always
appears in emission (Nations and Ramsey 1981). It is
strongly active at all wavelengths, but no optical flares have
previously been observed. The rotational modulation due to
spots was 0.25 mag in V during the interval of the APT data.
The detection of a single flare in 294 observations occurred
just after maximum light and translates into a flare rate of
0.034 flares hr-1. Table 2 shows the amplitude to be the
smallest of our flare detections.
4.2 II Peg
The SB1 system II Peg (K2-3 IV-V, Porb=6.72 days)
belongs to the same active subset of RS Cvn stars as does
UX Ari (Nations and Ramsey 1981). There are many examples in the literature of flares in X-ray, far-ultraviolet, and
radio wavelengths (Strassmeier et al. 1993). The amplitude
of the spot modulation was as high as 0.3 mag in V in the
APT data. II Peg is the only star of the 69 in our survey for
which we have multiple flare detections even though the
number of observations of II Peg (133) is only about half the
average (249) for the whole sample. Our observed flare rate
of 0.225 flares hr-1 over the years 1983-1987 agrees very
well with the rate of 0.17 flares hr-1 during 1989 and 1990
reported by Mathioudakis et al. (1992). We note, however,
that Byrne et al. (1994) found no optical flares in the U band
during 32 hr of monitoring observations in 1992, so II Peg
does seem to exhibit long-term changes in the level of optical flare activity.
Our flare amplitudes fall within the range reported by
Mathioudakis et al. (1992). We also note that all three of our
flares occurred at, or very near, maximum brightness when
the least amount of spotted area was visible. Comparison of
the ten flare events of Mathioudakis et al. (1992) to contemporaneous photometry of II Peg taken with the Vanderbilt/
Tennessee State 16-in. APT (Henry et al. 1995) reveals that
four of those events took place at or near maximum light,
one occurred at minimum light, and the other five events
occurred somewhere between the extrema.
4.3 AR Psc
AR Psc is strongly active in all wavelength regions, including flaring activity at X-ray wavelengths, but no optical
flares have previously been recorded. The CCABS cites the
spectral classification of this SB2 system as K2 V/?. It is one

OPTICAL FLARES
of several chromospherically active binaries in elliptical orbits (e=0.19) that appear to be rotating pseudosynchronously (Porb= 14.30 days, Prot= 12.25 days, PpSeudo=11-74
days) (Hall 1986). Fekel et al. (1986) show that AR Psc, like
UX Ari and II Peg, exhibits strong Ha emission at all orbital
phases. During the APT observations, the amplitude of the
light curve was usually about 0.2 mag in V. The single flare
detected out of 272 observations occurred shortly after maximum light and gives a flare rate of 0.037 flares hr-1.
5. CONCLUSIONS
Comparison of our flare detections on the subgiant II Peg
with the flares detected on the same star by Mathioudakis et
al. (1992) clearly shows that our approach to flare detection
in the archival APT data was capable of finding similar
events. The almost complete lack of flares detected on the
other stars in our sample demonstrates the unique nature of
the optical flare activity on II Peg. The single events observed on UX Ari and AR Psc, while passing our criteria for
acceptance and also occurring on unusually active stars, must
be viewed with some caution in the absence of any confirmation of optical flares on these stars. We had hoped to suggest additional good candidates for multi-wavelength, flaremonitoring campaigns from among this sample of stars, but
are unable to do so based on this survey. At the flare rates
cited for UX Ari and AR Psc, nearly 30 hr of monitoring
would be necessary to record a single optical event.
Finally we comment on the occurrence of flares on these
extremely active stars with respect to spot visibility. Of the
13 events discussed above on II Peg, seven appeared at or
near maximum light while only one appeared at or near
minimum. The two flares on UX Ari and AR Psc cited in this
paper both occurred just after maximum. The enormous flare
observed on V711 Tau by Henry and Hall (1991) appeared
just before maximum, and the flare on FK Com observed by
Holtzman and Nations (1984) occurred precisely at maximum. There is clearly no strong preference for optical flares
to occur at minimum light when the greatest spot activity is
visible; instead, our limited sample seems to suggest just the
opposite.
Note added in proof. After submitting this paper, word
came to us from Andrea Dupree at the Center for Astrophysics that flare activity was being observed on UX Ari in 1995
November with the EUVE satellite. A check of our photometry from the Vanderbilt/Tennessee State 16-inch automatic
telescope revealed an optical flare coincident with the EUVE
observations with a peak amplitude of 0.04 mag in Johnson
B and a duration of approximately two days. This confirms
UX Ari as a source of flares in the optical continuum.
Automated astronomy at TSU has been supported for several years by the National Aeronautics and Space Adminis-
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